Abstract: Persian poppy (Papaver bracteatum Lindl.) is an important commercial source of medicinal opiates and related compounds. In this research, calli were induced from seeds, roots, cotyledons and hypocotyls of P. bracteatum at a high efficiency. The optimized callus induction media consisted of the Murashige and Skoog (MS) basic media supplemented with 1.0 mg/L 2, 4-dichlorophenoxyacetic acid (2,4-D), 0.1 mg/L kinetin and 15 mg/L ascorbic acid. The concentrations of 2,4-D and ascorbic acid were found critical to callus induction and proliferation. Subsequent subcultures resulted in excellent callus proliferation. Ascorbic acid at concentration 15 mg/L increased the callus proliferation significantly. Maximum callus growth was achieved when the explants were incubated at 25
Introduction
Medicinal plants have been the subjects of man's curiosity since time immemorial (Constable 1990 ). Interest in phytomedicine has exploded in the last few years, and about 500 different plant species are used as key ingredients, and many are still being collected from the wild (Mendelsohn & Balick 1994) . In vitro cell and tissue culture methodology is envisaged as a mean for germplasm conservation to ensure the survival of endangered plant species, rapid mass propagation for large-scale re-vegetation, and for genetic manipulation studies (Dev 1997) .
Opium is the dried cytoplasm of a specialized internal secretory system, the laticifer. When the unripe capsule is cut, cream-coloured latex oozes to the surface, where it dries to form a dark brown sticky material. Raw opium alkaloids have been identified in Papaver (Santacy 1970; Bentley 1971) , at least 25 of which occur in the latex (Osol & Pratt 1973) . However, from a medicinal viewpoint the benzylisoquinolines, papaverine and noscapine, and the phenanthrenenes, codeine and morphine are of prime importance. The opiates are industrial commodities of plant origin for which there is still considerable demand. World requirements and the limited availability of codeine obtained directly from the poppy plant have made codeine production through stable-cell cultures of the genus Papaver an obvious target for exploitation. Papaver species produce a wide range of isoquinolines, sometimes with very high yields, and within individual species there is considerable intraspecific variation in alkaloid content (Phillipson 1983) . The major producers of the morphinans are Papaver somniferum L. and Papaver bracteatum Lindl., but this group of alkaloids has also been obtained in low yields from P. fugax L., P. setigerum D.C., P. orientale L., and P. rhoeas L. (Phillipson 1983) , and from herbarium material of P. acrochaetum Borm., P. caucasicum Bieb., P. cylindricum Cullen., P. gracile Boiss., and P. persicum Lind. (Wieczorek et al. 1986 ). Industrial production of opiates from tissue culture is dependent on the large accumulation of alkaloids in a cell culture medium. While there has been great success in plant-cell culture in terms of cells with high yields of isoquinolines, from commercial and pharmaceutical points of view, the morphinans have proven difficult to produce in plant-cell cultures. Most cultured Papaver cells, in the form of calluses or cell suspen-648 S. Rostampour et al. sion, readily produce sanguinarine, dihydrosanguinarine, norsanguinarine, and oxysanguinarine (Ikuta et al. 1974; Kutchan et al. 1985) . Numerous reports of the productions of the morphinans (thebaine, codeine, and morphine) from cell cultures of P. somniferum and P. bracteatum can be found in the literature, although yields are low compared with the high yields of the plants. Researchers suggest that culture conditions can be manipulated to promote morphinan alkaloid production (Constable 1990) .
We previously reported the useful protocol to introduce foreign genes into transgenic Persian poppy hairy root cultures using Agrobacterium rhizogenes strain R15834 (Rostampour et al. 2009 ). Callus of transgenic roots were induced by 1.0 mg/L α-naphthalene acetic acid (NAA). The aim of this study was to provide an efficient protocol for optimization of tissue culture in P. bracteatum as influenced by phytohormones, ascorbic acid and temperature with different media and hormone doses. The findings of this study should help to enable the production of alkaloids of biological origin under controlled conditions.
Material and methods

Plant material
The commonly cultivated Persian poppy (P. bracteatum Lindl.) used as experimental material was obtained from Guilan, northern Iran. Seeds were supplied by Dr. Hashemi Sohi, Department of Plant Biotechnology, National Institute of Genetic Engineering and Biotechnology, Tehran, Iran.
Seed germination and cultivation of sterile seedlings Seeds, roots, cotyledons and hypocotyls of Persian poppy (P. bracteatum Lindl.) were surface-sterilized using 70% (v/v) ethanol for 1 min followed by three-times washing with distilled sterile water. They were then kept in 5% (v/v) sodium hypochlorite solution for 10 min followed by three washes with distilled sterile water. The cotyledons and hypocotyls were cut into 5±1 mm segments from 7-day-old seedlings, and used as explants.
Induction and proliferation of callus
The surface-sterilized seeds, roots, cotyledons and hypocotyls were placed on B5 (Gamborg et al. 1968 ) and Murashige and Skoog (MS) (Murashige & Skoog, 1962) media. Solutions of cytokinins: kinetin, and 6-benzylaminopurine (BA), and auxins: NAA and 2,4-dichlorophenoxyacetic acid (2,4-D), were filter-sterilized and added in different combinations to the autoclaved medium when the medium temperature dropped to about 50 
C and 25
• C in dark. Ten seeds, roots, cotyledons and hypocotyls were placed on 25 mL of agar-solidified culture medium in petri-dishes which were sealed with parafilm. Each petridish was considered an experimental unit. Each experiment contained at least 30 replicates and the experiments were repeated three times. Well grown callus induced from explants were selected to transfer to media with appropriate hormones for subculture. Cultures were subcultured to the same medium every 15 days. Explants that responded to the induction (appearance of calli) were recorded 2-12 weeks after culture.
Plant regeneration
Preliminary experiments for testing the potential of regeneration of calli were performed using different combinations and concentrations of the above-mentioned cytokinins and auxins. Based on the test, calli were transferred into the MS medium containing various combinations and concentrations (0.0, 0.1, 0.5, 1.0 and 2.0 mg/L) of BA and NAA for regeneration. All the cultures were then incubated at 25
• C in a growth chamber with lighting of approximately 1,000 lux (16 hour/day).
Media and culture conditions
The basal medium consisted of B5 or MS salts and vitamins supplemented with 3% sucrose (w/v) and solidified with 1% (w/v) agar. The media were adjusted to pH 5.8 with 1.0 M KOH before adding agar, and then sterilized by autoclaving at 121
• C for 20 min.
Statistical analysis
In this study, two cultures were raised for each treatment and each treatment was repeated thrice. Test of significance was carried out by ANOVA and the data mean±SD (standard deviation) were analyzed by Duncan's multiple range (DMR) tests using the SAS program.
High performance liquid chromatography (HPLC) analysis
The leaves of regenerated Persian poppy were frozen in liquid N2, and extracted with methanol in a boiling water bath for 15 min. Extracts were reduced to dryness under vacuum, dissolved in 1.0 M sodium carbonate/bicarbonate (3:2, w/w), pH 10.0, and extracted three-times with ethyl acetate. Pooled ethyl acetate fractions were reduced to dryness and the residue taken up in 1 mL of methanol. Extracts were analyzed using a System Gold 126 HPLC (BeckmanCoulter). Alkaloids were separated at a flow rate of 0.75 mL/min on a C18 reverse phase column (4.6×250 mm, Ultrasphere, Beckman-Coulter) using methanol:water (6:4, v/v) containing 0.1% (v/v) triethylamine. The identity of peak was routinely analyzed by comparison of UV spectra and retention times with that of identified alkaloid.
Results and discussion
Induction and proliferation of callus and plant regeneration Two different plant tissue culture media (MS and B5) were used, and in addition to various combinations and concentrations of growth regulators, mainly auxins and cytokinins were used to find out their effects on the callus induction (Komamine et al. 1992) . Auxins and cytokinins are the most widely used plant growth regulators in plant tissue culture and usually used together (Gang et al. 2003) . Subsequently plant growth regulators were added into media to test their effects on callus formation from seed, root, cotyledon and hypocotyl explants of P. bracteatum. Among the auxins, 2,4-D has been considered to be the most effective in combination with cytokinins for callus induction (Hazra et al. 1989; Michalczuk et al. 1992; De Jong et al. 1993 ). This study showed that 2,4-D with a cytokinin, kinetin, was the most effective combination for inducing of callus in P. bracteatum (Table 1) . Several researches revealed that auxins play an important role in the callus induction and different types of auxins had various effects (Skoog & Armstrong 1970; Baskaran et al. 2006) . Furthermore, the cytokinins fa- cilitated the effect of auxin in callus induction (Rao et al. 2006; Yang et al. 2008 ). Other growth-regulator combinations, such as BA with 2,4-D, kinetin with NAA, or NAA with BA, were not effective.
As shown in Table 1 Table 2) .
The callus induction initially was very slow at 20
• C, but increased when the temperature was increased to 25
• C in dark (Table 3) . However, differences based on explants were observed. As shown in Figure  1 , the induction of calli in cotyledons and hypocotyls was slower than that in seeds and roots. Results indicated that calli in seed and root explants were induced about 8 weeks after culture but calli in cotyledons and hypocotyl explants were induced about 12-16 weeks after culture. The maximum induction rate was recorded as 94.2% in seeds and 77.5% in roots in MS medium with 1.0 mg/L 2,4-D, 0.1 mg/L kinetin and 15 mg/L ascorbic acid at 25
• C in dark. The well-grown callus were selected for subculture on MS medium supplemented with 1.0 mg/L 2,4-D, 0.1 mg/L kinetin, 15 mg/L ascorbic acid, 3% sucrose (w/v) and 1% (w/v) agar to test their growing state. After about 6 subcultures, the callus multiplied more quickly. Callus on MS medium containing 2,4-D, kinetin and ascorbic acid was initially bright yellow. After 12 weeks, callus was bright brown (Fig. 1) . The results indicated that MS at full strength was found inhibitory for callus induction, while 3/4 MS was found to favour callus induction. On the other hand, Ilahi & Ghauri (1994) reported that callus was induced on P. bracteatum Lindl. seedlings inoculated on MS medium supplemented with NAA (1.0 mg/L) and BA (0.5 mg/L). Shoots were regenerated in cultures grown on MS medium containing NAA (1.0 mg/L), BA (0.5 mg/L) and casein hydrolyzate (2.0 mg/L). MS at full strength was found inhibitory for callus induction and proliferation, but 1/2 MS was suitable. Similarly, callus growth was very slow at 25
• C, but it increased when the temperature was lowered to 20
• C as did bud initiation (Ilahi & Ghauri 1994) . Maximum shoot regeneration was observed on MS medium containing 1.0 mg/L NAA and 0.5 mg/L BA (Fig. 1) . Results showed that there was no significant difference between explants in terms of regeneration efficiency.
HPLC analysis of thebaine alkaloid
The benzylisoquinoline alkaloid content of Persian poppy leaves was analysed by HPLC. Although the only available authentic standard was thebaine, several other chromatographic peaks displayed UV spectra. The identity of peak was routinely analyzed by comparison of UV spectra and retention times with that of identified alkaloid. Analysis of alkaloid extracts from Persian poppy tissues by HPLC revealed that thebaine accumulates in the tissues of plants (Fig. 2) .
Numerous research reports exist in the literature about the effects of plant growth regulators on secondary metabolites of in vitro cultures. In certain cases, they enhance alkaloid production in several plant species, for example, berberine in Coptis japonica (Nakagawa et al. 1986; Ikuta & Itokawa 1988) and sanguinarine in P. somniferum (Tyler et al. 1989) . However, in this study, it seems the plant growth regulators did not have effects on the accumulation of alkaloid, and the content of thebaine in tissues of P. bracteatum was identical with that of wild-type plants (Fig. 2) .
To the best of our knowledge, this is the first report of callus induction from seeds, roots, cotyledons and hypocotyls of Persian poppy (P. bracteatum Lindl.). It can be noted that efficient callus can be initiated on 3/4 MS medium containing 1.0 mg/L 2,4-D, 0.1 mg/L kinetin and 15 mg/L ascorbic acid at 25
• C in dark. Plant regeneration of the shoots in vitro can be achieved on 3/4 MS medium containing 0.5 mg/L BA and 1.0 mg/L NAA. This established regeneration method is simple and effective to study of alkaloid content in P. bracteatum. In addition, the thebaine alkaloid profile of the Persian poppy is a well-defined model to evaluate the potential for metabolic engineering of thebaine production in P. bracteatum.
